Introduction
Three hypernuclear γ-ray experiments were run in 1998. The detector for KEK E419 and BNL E930 was the Hyperball. The primary objective of KEK E419 was to measure the spacing of the the ground-state doublet in 7 Λ Li while that of BNL E930 was to measure the spacing of the excited-state doublet in 9 Λ Be built on the 2 + state of the 8 Be core. The objective of BNL E929, which used 72 NaI detectors and a live 13 C target, was to measure the spacing of p 1/2 and p 3/2 Λ states at ∼ 11 MeV excitation energy in 13 Λ C. While considerable progress has been made starting from a good NN model (OBEP or OBEP + TBEP), applying symmetries, and fitting the limited YN data set, the procedure does not lead to a reliable YN interaction. Specifically, predictions for how the overall binding energy is distributed between singlet and triplet, or even and odd state, interactions vary widely. For example, six NSC97 interactions have been constructed [1] which give equally good fits to the YN data but which exhibit a wide range of central spin-spin interaction strengths. On the other hand, one can argue that many-body effective interaction theory provides a sound connection between the free YN interaction and the effective ΛN (and ΛNN) interaction for shell-model calculations. Thus, precise hypernuclear data should strongly constrain models of the free YN interaction.
The ΛN−ΣN coupling is an important feature of YN interaction models. Recently, Akaishi et al. [2] The last result justifies the initial neglect of effective ΛNN interactions for p-shell hypernuclei. Fetisov [3] has come to different conclusions using a particular form of zerorange ΛNN interaction. In the following sections, we consider how the new γ-ray data affects the parametrizations of the ΛN effective interaction put forward by MGDD [4] and by FMZE [5] . From this purely phenomenological point of view, the spin-dependence for a Λ in a 0s orbit interacting with a p-shell core is specified by four radial integrals, conventionally denoted by ∆, S Λ , S N , and T associated with the operators 
2.

Λ Li
The γ-ray energies [6] and the lifetime [7] from the 7 Li(π + , K + γ) 
At the same time, p-shell wave functions from a fit to 32 energy levels for A = 6 − 9 are used for the 6 Li core in place of the Cohen and Kurath wave functions used in MGDD [9] . The main effect of a stronger one-body spin-orbit component in the new p-shell interaction is to decrease the small 3 S admixture and increase the small 1 P admixture in the dominantly 3 S ground state of 6 Li [9] . Similarly, the 3 P component in the 0 + ; 1 state is substantially increased.
The hypernuclear wave functions are very close to the weak-coupling limit. The contribution of each component of the ΛN interaction to the observed energy separations in 7 Λ Li are given in Table 1 . As expected, the energy splitting of the ground-state doublet is dominated by the spin-spin interaction. A substantial negative value for S N is required to fit the excitation energy of the 5/2 + state. The excitation energy of the 1/2 + T=1 state provides another measure of S N , the coefficient of which is controlled mainly by the 3 P component in the 0 + ; 1 wave function. This coefficient is very different from the original MGDD value of 0.081.
In principle, the measurement of four energy separations, the energies of two states based on excited states of the core and two doublet separations, gives the four parameters controlling the spin dependence of the p N s Λ interaction. In practice, ∆, S N , and one combination of S Λ and T , namely T − S Λ , might be determined.
3. s Λ states in 9 Λ Be,
12
Λ C, and
13
Λ C There is new data on each of these hypernuclei from experiments at KEK and BNL and it is of interest to see whether there is consistency with the preceding analysis of the KEK E419 data on 7 Λ Li. In this analysis, the p N s Λ matrix elements were treated as parameters. However, the radial integrals depend on the size of the hypernucleus and to study this effect the YNG interactions of Yamamoto et al. [10] , in which nuclear matter G-matrix elements for various free YN interaction models are simulated by a number of Gaussians with different ranges (r 2 times Gaussian for tensor interactions), are used. In particular, the parametrization [11] of the NSC97f interaction [1] for k F = 1 fm −1 is used with WoodsSaxon radial wave functions. In the first instance, the strengths of each component are scaled to reproduce the parameters of Eq. (1). To do this the singlet and triplet central interaction strengths have to be slightly reduced and increased, respectively, to reduce ∆ from the NSC97f value. The ALS component has to be increased by a factor of ∼ 3 and the tensor component has to be reduced somewhat in strength. Results are shown in Table 2 , where it can be seen that matrix elements are larger for more tightly bound neutron wave functions.
The value ∆ = 0.48 MeV chosen for 7 Λ Li gives improved agreement with the measure ground-state doublet splitting of 692 keV. The smaller magnitudes for S Λ and T give better agreement with the new data from BNL E930 on the doublet splitting in 9 Λ Be, to be discussed next. As can be seen from Table 1 , these reductions require a small reduction in the magnitude of S N to maintain the excitation energy predicted for the 5/2 + , which will then improve the predicted energy for the 1/2 + ; 1 state. The spacing of the 7/2 + − 5/2 + doublet would also increase, perhaps too close to 511 keV to be directly measureable.
The result from BNL E930 reported at this meeting by Tamura and by Akikawa is that the splitting of the 3/2 + , 5/2 + doublet in 9 Λ Be is only ∼ 32 keV, updating the limit of < 100 keV from the work of May et al. [12] with NaI detectors. As can be seen from Table 3 , the small S = 1 amplitudes (∼ 4% intensity) in the 8 Be 2 + wave function (necessary to account for 8 Li and 8 B β decay) lead to a substantial contribution from the ΛN tensor interaction. For S Λ < 0 and T > 0, the measurement implies that the magnitudes of these parameters are restricted to be very small.
There is strong evidence from both 
Λ C spectrum from KEK E336 [13] , in which the ground-state and 3/2 + peaks are well resolved. The deviation from the 4.439 MeV energy of the 2 + core can be attributed mainly to S N , as can be seen from Table 4  (parameters from Table 2 ). For comparison, the MGD excitation energy was 4.49 MeV. [14] , which achieved an energy resolution of 1.45 MeV, are 2.54 MeV and 6.17 MeV. As can be seen from Table 5 , the largest contributions are again from S N with substantial contributions from ∆.
A number of γ rays in 12 Λ C could be measured in future runs of BNL E930 at either 0.9 GeV/c or 1.8 GeV/c depending in part on the primary beam intensity available to the D6 beamline. These include the spacing of the ground-state doublet, either directly if the spacing is large enough to preclude predominantly weak decay of the upper level or indirectly through transitions from the 1 − 2 level. The simplest weak-coupling estimate gives 280 ps for the partial electromagnetic lifetime of the 2 − 1 level for the separation in Table 5 . The parameters of Eq. (1) give a spacing of only 71 keV so that weak decay would dominate. 
Λ C The p n p Λ central interaction can be parametrized for S = 0 and S = 1 separately as [15] 
where F (2) /F (0) characterizes the range of the interaction and ε characterizes the spaceexchange component. The NSC97 interactions exhibit strong short-range repulsion in relative p waves, corresponding to ε ∼ 1 in the parametrization of Eq. (2). Interactions with different space-exchange properties can be made from the YNG interactions by varying the strengths of the even and odd state interactions separately while maintaining the same overall attraction.
The essential structure of the lowest p Λ states in • , the upper one most strongly because it tends towards the [441] spatial symmetry of the 13 C target. The separation is observed to be 6.0(4) MeV [16] . The NSC97f interaction, which has a very strong space-exhange component, gives a spacing of 10 MeV when harmonic oscillator wave functions are used to reproduce the parameters of Eq. (1). From BNL E929, the lowest 1/2 − ,3/2 − doublet is at E x ∼ 11 MeV so the the 0p Λ separation energy is only 0.67 MeV. The Woods-Saxon parameters used in Table 2 give an rms radius for the 0p Λ orbit of 4.53 fm and the mismatch with the deeply bound nucleon orbits leads to a very substantial reduction in the p N p Λ matrix elements. The separation of the 1/2 − states drops to 7.7 MeV, which is still too large. The interaction used for Table 2 MeV [16] . The NSC97f and ε ∼ 0.25 interactions give 2.9 and 1.3 MeV, respectively, again favoring the interaction with some p-state attraction. Such a feature is present in the ESC99 interaction described by Rijken at this meeting.
BNL E929 has given a small separation for the lowest 1/2 − and 3/2 − states of 13 Λ C at 11 MeV of 152(54) keV, with an estimated systematic error of 36 keV. To a first approximation, these states may be regarded as p 1/2 and p 3/2 Λ single-particle states with the 12 C ground state as a core and their separation was thought to give a measurement of the p Λ spin-orbit splitting. However, the spin-spin, spin-orbit, and tensor interactions all make substantial contributions to the splitting, as can be seen from Table 6 (the splitting has yet to be decomposed into the individual contributions for the Woods-Saxon case). Note that models which use α-particle cores [17] allow only the spin-orbit interactions to contribute to the splittings in [15] . The tensor contribution comes ∼ 2/3 from even state and ∼ 1/3 odd state interactions, a result which is specific to the NSC97f interaction but typical of a number of the available YN interactions. The fact that there is substantial cancellation between the spin-orbit and tensor contributions is in contrast to 9 Λ Be where spin-orbit and tensor contributions add rather than subtract in the 3/2 + , 5/2 + separation ( Table  3 ). The interaction used in Table 2 , and which gives a good description of other features of the p Λ states, gives a splitting of 33 keV for Woods-Saxon wave functions with a much smaller contribution from the spin-orbit interaction than is shown in Table 6 .
Remarks
The new results on s Λ states of The p N p Λ matrix elements are sensitive to more features of the underlying ΛN interaction than are the p N s Λ matrix elements. Quantities such as the space-exchange character, the Q.Q component, and the even-state tensor interaction all play a role for p Λ states in 13 Λ C. In particular, the magnitude of the space-exchange component of the effective ΛN interaction is restricted to be quite small. This is in agreement with an analysis of Λ single-particle energies by Usmani and Bodmer [18] , who also find ε ∼ 0.25. 12 C and 7 Li targets are also under consideration. Measurements for a range of nuclei throughout the p shell should both overdetermine the set of spin-dependent parameters and make it possible to test for variations with nuclear size and the empirical need for a ΛNN interaction.
